APPENDIX 11
Class VI Injection Well: Quality Assurance and Surveillance Plan

CTvV 1l

Update February 2nd, 2023

Prepared by:

Carbon TerraVault LLC



Table of Contents

Title aNd APPIOVALI SNEET .....c..oiiiie bbbt b bbbt r et er s Vi
(DT g o T Ao I T SO URUSRPURN vii
N e o] =T ot AV, - T = To =T 1T o 1
A.L Project/Task OrganiZation............ccccueiueiiiieiiie e s seseee et e e et e bestesbesteesa e e et e testesbestesaeereeneeseenseeens 1
A.l.a/b. Key Individuals and RESPONSIDIILIES .......ccciiiiiiiicieicie st es 1
A.l.c. Independence from Project QA Manager and Data Gathering ..........ccoceveveiiiiiecicieese e 1
A.1.d. QA Project Plan ReSPONSIDIIILY .......cviiiieiee ettt st e nnesre e 1
A.1l.e. Organizational Chart for Key Project PErSONNEL...........ccociiiiiiiiieieee e 1
A.2. Problem Definition/BaCKgrOUNG...........cociiiiiiiierieiiie ettt bbbt b ettt b e b e 2
A28, RBASONMING .ttt ettt bbbt b bbb h bbbk h £ E e s bbbt bRt bt bRt b bbbkt b e 2
A.2.b. Reasons for INitiating the PrOJECT ..ot bbb 2
A.2.c. Regulatory Information, Applicable Criteria, ACtION LiMiItS........coooviiiiiiinineseese e 2
A3, ProjeCt/Task DESCIIPTION......cciiiei et e et e s te e te e b e enbesseesbe e be e teeneeasaesneesaeenreeneeenes 2
A.3.a/b. Summary of WOrk t0 D8 PErfOrMEU..........ccv et e e enre e 2
AN o CT=ToT o] = ol o Tol o o= 11 [ LS ST 5
A.3.d. Resource and TimMe CONSIIAINTS ........cciiiiiriieirieese et 5
A.4.Quality ODjJECtIVES ANU CHITEIIA ...c.veiiiiie ettt te et e e st e st e e te e beete e aesnnesneesneenaeenes 5
A.4.a. Performance/MeasuremMENt CIItEITA ........cveuerireresieeeierie sttt sttt et et e beseesreereeneeseenee e ees 5
N o T o ] o] USRS 9
N o T TSRS 9
ALL.0. REPIESENTALIVENESS .....i.eiiiititeiiitirtet ettt ettt ettt b st b b st b b s b b st b e b st b e b e s ekt b et e b e bt et et 9
AL e, COMPIEEENESS ...ttt bbb bbb sk b h kb s b bR bbb bbb bbb 9
AT, COMPAIADITITY ....oieieeii e r e 9
A9, METNOT SENSITIVITY. ....vieiieiiiieic bbb bbbt r e e 9
A.5. Special TrainiNg/CertifiCatiONS............coi i et e st sta e re e reeaeanees 11
A.5.a. Specialized Training and CertifiCatiONS...........cccveiieiiiie e 11
A.5.b/c. Training Provider and ReSPONSIDIILY ........ccveciiiieiiic et re s 11
A.6. DOCUMENTALION AN RECOFUS ... .eviieiiiieiieiesie ettt et st e st teese e s e ese et e seestesneereeneeneeneeseeneenes 12
A.6.a. Report Format and Package INFOrmMation ............coeiiiiiiiiiie s 12
A.6.b. Other Project Documents, Records, and EIECLrONIC FIleS........c.ccvoveieieiiiire e 12
A.6.c/d. Data Storage and DUFELION...........couiiiiiiiiiiit ettt bbb bbb et nn s 12
A.6.e. QASP Distribution ReSPONSIDIIITY ........eviiiiiiiiieii bbb 12
B. Data Generation and ACGUISTTION ..........ciiiiiiiiie ettt bbbt e et e besbesbeebeene e e e benaesbea 12
B.1. SAMPIING PrOCESS DESIGN ...ttt ettt ettt st b et e bbbt ettt sttt e b e st e ebe st e e 12
N T B L= T | IS £ (=T |V S TR PR 12
Shallow Groundwater MONItOriNG SLFAIEIY ......coveviiriieirieietire ettt eens 12
Deep Formation Water MONItOriNG SIFATEGY .......covvviviriiiiiriiiciiri ettt 12
B.1.b. Type and Number of SamMPIES/TESE RUNS ........coiiiiiiiieie e et 12
B.1.C. Site/SAMPIING LOCALIONS ... .oiviiiiiieiiiieite ettt bbb bbbt e bbbt bt s e e e e e e sbe e 12
B.1.d. SaMPling Site CONLINGENCY .. .eoueiuiiiiiieie ittt ettt bbbt et et bt b be e b e e e e b e e sbe e 13
B.1.6. ACLIVILY SCREAUIR. ... bbbttt bt bbbt e e e sae e 13



B.1.f. Critical/INfOrmMAatioNal DALa ...........cooiieiieiiiiie ettt ettt e e s ettt e e s et e e e s st e e e s sbbaeessabesessbbeeesabeeeesssbeas 13

B.1.g. SOUICES OF VarTADITIILY ....cveieiieiiicieieee ettt sttt n e et e e sae e 14
B.2. SAMPIING IMETNOUS ...t b bbb bbb bbb bbb bbb bt b 14
L T T T o] [T aTo S L USSR 14
Lo 1 T (U I (o 30 o PSS 14
2o B @ o) 140 To TN STV (o] 0 o] 1T USSR 14
B.2.e. Sample Homogenization, Composition, FIratioN...........ccccoeiiiiiieiisece s 15
B.2.f. Sample Containers and VOIUMES. .........cceiiiiiiiicicie et sttt st et e teena e e e e e snesrennas 15
B.2.9. SAMPIE PIESEIVALION ......evitiiiitiitee stk b et b et b et bbbt 15
B.2.h. Cleaning/Decontamination of Sampling EQUIPMENT .........ooveiiiiiiiieeese e 15
B.2.1. SUPPOIT FACTITIES ...ttt bbbt bbbt b bbbt 15
B.2.j. Corrective Action, Personnel, and DOCUMENTALION. ..........ccoiiiiiiriiiiiniese e 15
B.3. Sample Handling and CUSTOAY ..........ccoiiiiiiiiieieeite ettt sttt bbb sbe e 15
B.3.a. Maximum Hold Time/Time Before RetrieVal ... s 15
oI - Vg o] o] [T I - ULy oo v L1 o o S 15
=R ST Taa] o] FTaTo T B ToTo1N g3 1=1 1 - i [o] o S 16
B.3.d. Sample [AeNTIFICALION .........ccuiiii et e et et e st e et e e te e e e s reenreenreeneenes 16
B.3.e. SAMPle Chain-0f-CUSIOOY .........cciiiiieiie ittt et et e e te e teasaesreesneenneeneenes 16
B.4. ANAIYLICAI IMETNOMS ..ot b bbb bbb et b et sb e et 17
B.4.8. ANGIYEICAI SOPS ......uiiiiiitiiei bbb bbbt bbb bbbt 17
B.4.b. EQuipment/INStrumentation NEEAEM ..o 17
B.4.C. Method PerfOrmance CrILEIIA.........couiriieieiiie ettt sttt ste st e e s e e e e neenrennas 17
B.4.d. ANAIVEICAL FAITUIE ...ttt bbbt bbbttt sttt 17
T Ty o] (TN I 1] - | 17
B.4.f. LabOratory TUIMAIOUND ........cceieiieiiieie ittt b et b bbbttt e et sb e eb e b e bt e e e e nenbe e 17
B.4.g. Method Validation for Nonstandard MethOdS ...........ccooeiiriiiiiiieee e e 17
B.5. QUANILY CONTIOL ......ciiiiee ettt et e et e st e te e be e s teesaesteesae e teenteenbesasesteenteesteeteennennnes 17
S W @ LG Tox {171 TSP 17
B.5.0. EXCEediNG CONLIOL LIMITS ....c.eiuiitiiiitiitiieiie sttt 18
B.5.c. Calculating Applicable QC STALISLICS .........ceiiiriiieiiiteies e 18
CRANGE BAIANCE ...ttt b bbbt b bbbt b e bt b e bt b ettt r ettt nr e 18

B.6. Instrument/Equipment Testing, Inspection, and MaiNteNANCE...........cccovererieriieeieriere e 18
B.7. Instrument/Equipment Calibration and FreqUENCY .........c.ccuiiiiiiineiienee e 18
B.7.a. Calibration and Frequency Of Calibration..........c.cccveiiiiiiiicie e 18
B.7.b. Calibration MethOUOIOQY ..........oiiiiieiie et ettt e te e te e e e e sraesaeenaeenes 18
B.7.c. Calibration Resolution and DOCUMENTALION .........cuiiiiiiiiiiie it 18
B.8. Inspection/Acceptance for Supplies and CONSUMADIES...........coiiiiiiiiiiiie e 18
B.8.a/b. Supplies, Consumables, and ReSPONSIDIITIES .........couiriiiiiiiiiie s 18
B.9. NONAITECt IMBASUIEMIENTS ...ocvieiiieiiesteseeeeee e e steste e seesee e e e stestesseeseeseeseeteseesteaseeseeseeseeseeseestesseeneesennsenenseens 19
L I T I - - S 1o ] oL SO 19
B.9.10. REIEVANCE 10 PIOJECE ...ttt bbbt bbbt bbbttt 19
B.O.C. ACCEPIANCE CIITBITA. ...t eveitititiitirt ettt ettt bbb st b bbbt b bbb e et et e 19
B.9.d. ReSOUICES/FACIIIIES NEEUE .......c.eeieieie ettt e e e nte e enae e e e neenrenes 19
B.9.e. Validity Limits and Operating CONGItIONS ...........cuiiiiiiiii e 19



B.10. Data IMaNAGEMIENT ......cviiiiieiieir ettt r b r e bt bbbt nr Rt 19

B.10.a. Data Management SCREIME. ...t bbbt nb e 19
B.10.h. Recordkeeping and TraCKing PraCliCeS.........cuiiiiiiiiiiirieieseies e 19
B.10.c. Data Handling EQUIPMENT/PIOCEUAUIES ........ccuvivieeeieiesiese e ste et et te st e e e et st e sbe e na e e e eeesrennes 19
B.10.d. RESPONSIDIIITY ...veivreiieiiic ettt e st et e s te st e s Reese e e et e bestestesreaneereeneeseenrenrs 19
B.10.e. Data Archival and REIFEVAL..........ccoiiiiiiiiiiec ettt 19
B.10.f. Hardware and Software ConfigUIations ..........ccuciuiiiiiiiiieie s st sre s 19
B.10.9. CheCKIIStS AN0 FOIMS......cciiiiiiieieiiesie ettt sttt et e saestesteesa e e et e teseestesseasaeseeneeseeneens 20
C. ASSESSMENT ANG OVEISIGNT. ...ttt bbb bbbt b e bt b e bt e bt nb e e e bt nn e arenre e 20
C.1. AssessMeNnts and RESPONSE ACLIONS .....c.viuiiieriiirieiiteiiee et reste et see st see e be st e sbesee e ebeseeseabeseeseebesbeeetesteseas 20
C.1.a. ACtiVIties t0 DB CONUUCTE ..ottt bbb bbbt ren et e 20
C.1.b. Responsibility for CONAUCTING ASSESSIMENTS ........eiuiiiieieie ettt se et eesee e e 20
C.1.C. ASSESSMENT REPOITING .....eveteiteieeteite ettt bbbttt b e et b et b e bbbt bbbt bbbt st r et b 20
(O o I @0 ¢ (=T (V-0 ANod 1 {o] T PSR TOPRPPRORI 20
C.2. RePOItS t0 IMBNAGEMIENT ..ottt r bbb e e sr e b st an e b e e e e enennenne 20
C.2.8/D. QA SLALUS REPOITS ...ttt bbb et b e bbbt b bbb bbb bbb et st 20
D. Data Validation and USADIlITY...........cociiiiiiioiiie st te e e st e s naenteesteeteenneannes 20
D.1. Data Review, Verification, and Validation .............ccoooioiiiii it sne 20
D.1.a. Criteria for Accepting, Rejecting, or QUalifying Data..........ccccoierieriininieiiesisieeeee e 20
D.2. Verification and Validation IMEtNOUS ...........cciiiiiiiiiieesc ettt nee e nre s 20
D.2.a. Data Verification and Validation PrOCESSES.........cuiiiiiiiiiie ittt st 20
D.2.b. Data Verification and Validation ResponSiDility..........cccccveiiiiiiii i 21
D.2.c. Issue Resolution Process and RESPONSIDIILY .........c.ccieiiieiiiiiiic e 21
D.2.d. Checklist, FOrms, and CalCUIALIONS ...........coiiiiiiiiiie e et 21
D.3. Reconciliation With USer REQUITEMENTS.......c.oiiiiiiiiiieieere sttt st bbbt e b b sne s 21
D.3.a. Evaluation of Data UNCEITAINTY .........ceiuiiiiiiiriiieiisieieesie bbb bbbttt 21
D.3.b. Data Limitations REPOITING .....ooveiiiiitiiiiiiteieiistee sttt st 21
RETEIENICES ...ttt ettt et e e bt et e et eetb e e te e e be e sbeeebeeabeeaseebeeebeebeesbe e s beessesbeeebe e abeenteenbeeabeebseebeenbeesbeereeares 22
F N o] o 1=] o o2 TSP PR PRSPPI 22



List of Tables

List of Tables

Table 1. Summary of testing and monitoring.

Table 2. Monitoring Well Summary.

Table 3. Summary of analytical and field parameters for ground water samples.

Table 4. Summary of analytical and field parameters for CO2 Stream

Table 5. Summary of analytical parameters for corrosion coupons

Table 6. Summary of measurement parameters for field gauges.

Table 7. Actionable testing and monitoring outputs.

Table 8. Pressure and temperature—downhole quartz gauge specifications.

Table 9. Representative logging tool specifications for pulse neutron/RST and CBL logging.

Table 10. Pressure Field Gauge.

Table 11. Pressure Field Gauge — Injection Tubing Pressure.

Table 12. Pressure Field Gauge — Annulus Pressure.

Table 13. Temperature Field Gauge — Injection Tubing Temperature.

Table 14. Mass Flow Rate Field Gauge — CO2 Mass Flow Rate

Table 15. Stabilization criteria of water quality parameters during shallow well purging.

Table 16. Summary of sample containers, preservation treatments, and holding times for
CO2 gas stream analysis.

Table 17. Summary of sample containers, preservation treatments, and holding times for

ground water samples.

List of Figures

Figure 1: Organizational chart.

Figure 2: Monitoring well location map.

10
10
10
10
13

15

15

12



Title and Approval Sheet
This Quality Assurance and Surveillance Plan (QASP) is approved for use and implementation at

the Storage facility. The signatures below denote the approval of this document and intent to
abide by the procedures outlined within it.

Aot February 2nd, 2023

Signature Date

Travis Hurst

vi



Distribution List

The following project participants will receive the completed Quality Assurance and Surveillance Plan
(QASP) and all future updates for the duration of the project.

Travis Hurst: CCS Project Manager

Carbon TerraVault

28590 Highway 119
Tupman, CA 93276

vii



A. Project Management

A.l. Project/Task Organization
A.l.a/b. Key Individuals and Responsibilities

The CTV Il Storage project, led by Carbon TerraVault LLC (CTV), includes participation from service
providers. The responsibilities for Testing and Monitoring will be shared between CTV and the service
providers.

CTV will be responsible for any data and submissions made to the EPA.

A.l.c. Independence from Project QA Manager and Data Gathering

CTV utilizes a third-party service provider to collect, transport and analyze samples as part of the Testing
and Monitoring Plan.

A.1l.d. QA Project Plan Responsibility

CTV will be responsible for the Quality Assurance and Surveillance Plan. CTV will review the plan with
service providers periodically.

A.l.e. Organizational Chart for Key Project Personnel

Figure 1 shows the organizational structure for the storage project. Although these roles have not been
filled because the project is not operational, the chart shows the breakdown in responsibilities for future
positions.

Figure 1: Organizational Chart.

Project
Manager

Environmental
Manager

Technical Reporting
Manager Manager

Field Manager




A.2. Problem Definition/Background

A.2.a. Reasoning

The project will inject and sequester CO2 from anthropogenic sources. The project requires a
comprehensive monitoring plan that gathers data to assess confinement of the COz2 injectate. To ensure
accurate measurement and reporting this QASP outlines detail associated with the surveillance related to
sampling, operating, and recording.

A.2.b. Reasons for Initiating the Project

CTV initiated the project for ESG purposes and to reduce carbon footprint for CTV operations and for
external emissions. The project area has available pore space and confinement.

A.2.c. Requlatory Information, Applicable Criteria, Action Limits

COg2 injection as per standard operating procedures and regulations requires that the injectate is confined in
the reservoir and that groundwater is not impacted. As such the following monitoring is necessary:

1. Injection well mechanical integrity testing

2. Injection well testing and operating data collection

3. Groundwater monitoring

4. Validation of the CO2 plume areal coverage as defined by numerical modeling

The information and data below define the steps to ensure that monitoring data quality provides the
confidence and information to verify confinement.

A.3. Project/Task Description
A.3.a/b. Summary of Work to be Performed




Table 1. Summary of Testing and Monitoring.

Activity Location(s) Method Analytical Technique Lab/Custody Purpose
Injection well
;:;;It;/c;?sdlomde stream Compressor Direct Sampling Chemical Analysis Eurofins Monitor Injectate
\I/l:)jleuc;::n rate and Injection Well Flow meter Direct Measurement NA Monitor rate and volume
Injection pressure Injection Wellhead Pressure gauge Direct Measurement NA Monitor injection pressure
Annular pressure Injection Wellhead Pressure gauge Direct Measurement NA Monitor annular pressure
Temperature Along Wellbore DTS Direct Measurement NA Monitor temperature
Downhole pressure/ Injection Well Downhole gauge Direct Measurement NA Monitor reservoir pressure
temperature and temperature
. _— Between compressor . . Monitor corrosion of
Corrosion monitoring and wellhead Corrosion Coupon NA Eurofins materials
Mechanical Integrity Injection Well Temperature NA NA Wellbore Integrity
Internal MIT Injection Well SAPT NA NA Wellbore Integrity
Pressure Fall Off Test Injection Well Pressure gauge Pressx;ea?;/rsazzswnt NA Reservoir Assessment
Table 2. Monitoring Well Summary
Activity | Location(s) Method | Analytical Technique | Lab/Custody Purpose
Monitoring Wells Above Confining Layer
Fluid Sampling USbw . . . . . . .
| I (USDW) | Monitoring Well Direct Sampling Chemical Analysis Eurofins Monitor water quality
Pressure/Temperature Usbw . Monitor pressure /
| IS (USD\W) | Monitoring Well Guage Direct Measurement NA temperature
Pressure/Temperature D|55|patl9n layer Gauge Direct Measurement NA Monitor
monitoring well pressure/Temperature
Dissinati _ _
Temerature ISS'PatIPn layer DTS Direct Measurement NA Monitor Temperature
monitoring well
Fluid Sampling DISS'PatIPn layer Direct Sampling Chemical Analysis Eurofins Monitor water quality
monitoring well




Storage Reservoir

Pressure/Temperature Monitor well (s) Downhole gauge Direct Measurement NA prl\e/ls(;ﬂirg;[errilspeer:/eﬁgre
Temperature Monitor well (s) DTS Direct Measurement NA Temperature
Fluid Sampling Monitor well (s) Direct Sampling Chemical Analysis Eurofins Monitor water quality
Pulse Neutron Log Monitor well (s) Logging Logging NA Saturation
Internal MIT Monitor well (s) SAPT NA NA Wellbore Integrity




A.3.c. Geographic Locations

A.3.d. Resource and Time Constraints

CTV has obtained surface access for the duration of the project.
Wells to be utilized for the project are available, and will be re-purposed. These wells will be accessible
for the life of the project and for the post injection monitoring timeframe.

A.4.Quality Objectives and Criteria
A.4.a. Performance/Measurement Criteria




Table 3. Summary of Analytical and Field Parameters for Fluid Samples

Parameters Analytical Methods™ Detection Limit/Range Typical Precisions QC Requirements
. ICP-MS 0.05 to 5 mg/L 15% Daily calibration of
g?tlconsl(fgl’sta’S?‘; ffflgjd’ EPA Method 6020 equipment/CCV/ Blank LCS,
>+t BB, 9B, €, 20, MS/MSD/ QC/ICV
ICP-OES 0.1 to 2 mg/L 15% Daily calibration/CCV/ Blank
Cations (Ca, Fe, K, Mg, Na, Si) | EPA Method 6010B LCS, MS/MSD/ QC/ICV
Ion Chromatography, EPA 0.02-0.13 mg/L 15% Daily calibration/CCV/ Blank
Anions (Br, Cl, F, NO3, SO4) |Method 300.0 LCS, MS/MSD/ QC/ICV
. Coulometric titration 10 mg/L NA Duplicate analysis
Dissolved COz ASTM D513-11
. ) ) . o
Total dissolved solids Gravimetry; Method 2540 C 10 mg/L 10% Dally balance calibration,
duplicates, blanks
Alkalinity Method 2320B 10 mg/L 10% Duplicate analysis
pH (field) EPA 150.1 2to 12.5pH 0.2 pH Daily calibration, duplicates
Specific conductance (field) APHA 2510 0-200 mS/cm 1% Daily calibration, duplicates
Temperature (field) Thermocouple -5t0 50 C 02C Monthly calibration
513C Isotope ratio mass 12.2 mg/L HCOs 0.15% Duplicate analysis
spectrometry
Hydrogen Sulfide ISBT 14.0 (GC/SCD) 1 mg/L 5-10% of reading Daily calibration, duplicates

Note 1: An equivalent method may be employed with the prior approval of the UIC Program Director.




Table 4. Summary of Analytical Parameters for CO; Stream.

Parameters Analytical Methods® Detection Limit/Range Typical Precisions QC Requirements
Oxygen, Argon and ISBT 4.0 (GC/DID) 50 ppmv 15% Daily calibration/CCV, blank, QC
Hydrogen GC/TCD sample
Nitrogen ISBT 4.0 (GC/DID) 50 ppmv 15% Daily calibration/CCV, blank, QC
GC/TCD sample
Carbon monoxide ISBT 5.0 (Colorimetric) 50 ppmv 15% Daily calibration/CCV, blank, QC
ISBT 4.0 (GC/DID) sample
o . o
Total hydrocarbons ISBT 10.0 THA (FID) 10 ppmv 15% Daily calibration/CCV, blank, QC
sample
Ammonia ISBT 6.0 (DT) 0.1 ppmv 15% Daily calibration/CCV, blank, QC
sample
Methane, Ethane, Ethylene ISBT 10.1 (FID) 10 ppmv 15% Daily calibration/CCV, blank, QC
sample
Hydrogen sulfide and Sulfur |ISBT 14.0 (GC/SCD) 10 ppmv/1 ppmv 15% Daily calibration/CCV, blank, QC
Dioxide sample
Ethanol ISBT 11.0 (GC/FID) 0.5 ppmv 20% Daily calibration/CCV, blank, LCS,
MS/MSD, ICV
. . o . o
Oxides of Nitrogen ISBT 7.0 Colorimetric 0.2 ppmv 15% Daily calibration/CCV, blank, QC
sample
513C Isotope ratio mass 12.2 mg/L HCO3 0.15% Duplicate analysis
spectrometry
CO; purity ISBT 2.0 Caustic absorption |50 ppmv 15% Daily calibration/CCV, blank, QC

Zahm-Nagel

ALI method SAM 4.1
subtraction method (GC/DID)
GC/TCD

sample

Note 1: An equivalent method may be employed with the prior approval of the UIC Program Director.




Table 5. Summary of Analytical Parameters for Corrosion Coupons.

Parameters Analytical Methods Detection Limit/Range Typical Precisions QC Requirements
NACE TM0169/ G31 0.001 mg 0 . .
Mass EPA 1110A SW846 10% Duplicate analysis

Table 6. Summary of Measurement Parameters for Field Gauges.

Parameters

Methods

Detection Limit/Range

Typical Precisions

QC Requirements

Booster pump discharge pressure

ANSI Z540-1-1994

0.001/0 -5,000 PSI

0.01 PSI

Annual calibration

Injection tubing temperature

ANSI Z540-1-1994

0.001 Fahrenheit / 0 — 500 Fahrenheit 0.01 Fahrenheit

Annual calibration

Injection tubing pressure

ANSI Z540-1-1994

0.001/0 - 5,000 PSI

0.01 PSI

Annual calibration

Annulus pressure

ANSI Z540-1-1994

0.001/0 - 5,000 PSI

0.01 PSI

Annual calibration

Injection mass flow rate

NA

0.1 % of flow rate

0.01 Ibs/hour

Annual calibration




Table 7. Actionable Testing and Monitoring Outputs.

Activity or Parameter

Project Action Limit

Detection Limit

Anticipated Reading

External and internal

mechanical integrity
(temperature log)

Temperature log indicates a
mechanical integrity issue.

0.01 Fahrenheit

Results will be compared to
baseline. Deviation may be
indicative of mechanical
issue.

Surf d downhol Action will be taken when |0.001 PSI No greater than the
pf;ssﬁfea” ownnore pressure is outside of maximum operating
expected or modeled range. pressure.
Action will be taken when |0.2 pH CO2 will decrease the water

water sample is outside of pH.

Water quality (USDW) baseline analysis.

0.001 PSI as per installed
pressure gauge.

Action will be taken if the
pressure of the Formation
increases.

Above-confining-zone Reservoir pressure.

pressure

A.4.b. Precision

Field blanks will be collected once per sampling event to assess water sampling analysis accuracy. Service
provider will be responsible for analytical precision as per their standard operating procedures.

A.4.c. Bias

Laboratory analysis bias will be assessed and addressed by the individual service provider as per their
procedures and methodology.

There is no bias for direct pressure, temperature, and logging measurements.

A.4.d. Representativeness

CTV designed the monitoring network to ensure that samples acquired were representative of site
conditions. Standard operating procedures during acquisition at the wellsite will ensure that samples are
representative of the formation.

A.4.e. Completeness

Data completeness (amount of data obtained versus the expected data) of 90% for ground water sampling
will be acceptable.

Direct measurements, such as pressure and temperature data, will be recorded 90% of the time.

A.4.f. Comparability

Data sets will always be compared to the baseline and previous analysis. Individual threshold changes will
be assessed as well as small trend changes.

A.4.9. Method Sensitivity
The following tables provide detail on gauge sensitivities.




Table 8. Pressure and Temperature—Downhole Gauge Specifications.

Parameter Value

Calibrated working pressure range 0 - 10,000 PSI
Initial pressure accuracy <2 PSI
Pressure resolution 0.005 PSI

Pressure drift stability

<1 PSI per year

Calibrated working temperature range

77 — 266 degrees Fahrenheit

Initial temperature accuracy

< 0.9 Fahrenheit

Temperature resolution

0.009 Fahrenheit

Temperature drift stability

0.1 degrees Fahrenheit per year

Max temperature

302 degrees Fahrenheit

Instrument calibration frequency

Annual

Table 9. Representative Logging Tool Specifications.

Parameter RST (Pulse CBL
Neutron)

Logging speed 200 feet/hour 1,800 feet/hour

Vertical resolution 15 inches 6 inches

Investigation

Mechanical integrity

Cement bond with
casing and formation

Temperature rating

302 Fahrenheit

350 Fahrenheit

Pressure rating 15,000 PSI 20,000 PSI
Table 10. Pressure Field Gauge.
Parameter Value
Calibrated working pressure range 0 to 5,000 PSI
Initial pressure accuracy <0.05%
Pressure resolution 0.01 PSI
Pressure drift stability 0.125% of upper range limit for 60 months
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Table 11. Pressure Field Gauge—Injection Tubing Pressure.

Parameter Value

Calibrated working pressure range 0 to 5,000 PSI and 4-20 mA

Initial pressure accuracy <0.05%

Pressure resolution 0.01 PSI and 0.00001 mA

Pressure drift stability 0.125% of upper range limit for 60 months

Table 12. Pressure Field Gauge—Annulus Pressure.

Parameter Value

Calibrated working pressure range 0 to 5,000 PSI

Initial pressure accuracy <0.05%

Pressure resolution 0.01 PSI

Pressure drift stability 0.125% of upper range limit for 60 months

Table 13. Temperature Field Gauge—Injection Tubing Temperature.

Parameter Value

Calibrated working temperature range 0 to 500 degrees Fahrenheit and 4-20ma

Initial temperature accuracy <0.0055%

Temperature resolution 0.001 degrees Fahrenheit and 0.0001 mA
Temperature drift stability 0.15% of output reading or 0.15 degrees Celsius

Table 14. Mass Flow Rate Field Gauge—CO, Mass Flow Rate.

Parameter Value

Calibrated working flow rate range Range spanning maximum anticipated injection rate per
well with typical precision and accuracy of 0.5%

Initial mass flow rate accuracy 0.5 % of upper range limit

Mass flow rate resolution 0.5% of upper range limit

Mass flow rate drift stability Estimate <0.5% of output reading for 12 months

A.5. Special Training/Certifications

A.5.a. Specialized Training and Certifications

CTV will utilize lab and logging companies to acquire field data samples. All equipment will be provided
and operated by the service provider.

A.5.b/c. Training Provider and Responsibility

Training will be provided and assessed by the individual service providers.

11




A.6. Documentation and Records

A.6.a. Report Format and Package Information

CTV will prepare and submit semi-annual reports to the EPA. The reports will include all testing, data, and
monitoring information as specified in the Testing and Monitoring Plan.

A.6.b. Other Project Documents, Records, and Electronic Files

CTV will prepare and provide all necessary documents, records or electronic files as required.

A.6.c/d. Data Storage and Duration
CTV will maintain the required project data collected in a datastore.

A.6.e. QASP Distribution Responsibility

The project manager will be responsible for ensuring that those on the distribution list, and other essential
staff, receive the most current copy of the QASP.

B. Data Generation and Acquisition

B.1. Sampling Process Design
B.1.a. Design Strategy

Shallow Groundwater Monitoring Strategy

A groundwater monitoring well will assess potential changes in the lowermost USDW within the
undifferentiated nonmarine sediments. Although the proposed monitoring zone is a USDW (based on
having groundwater less than 10,000 ppm TDS) the water supply wells in the AoR are completed above
the base of fresh water. Monitoring of the lowermost USDW is more protective than monitoring the fresh
water aquifers because impacts would occur in the lowermost USDW before the fresh water aquifers. The
location of the monitoring wells are near potential conduits.

CTV will also monitor pressure changes associated with the storage project and fluid analysis.

Deep Formation Water Monitoring Strategy

Between the | confining layer and the USDWs is the | A \aterally
continuous | sand will be pressure monitored for potential CO2 leakage. The sands have adequate

continuity, porosity and permeability to ensure that the AoR is monitored.

Any unlikely leakage from the storage reservoir up through the Bl confining layer will dissipate
in the I 2 d increase the formation pressure.

B.1.b. Type and Number of Samples/Test Runs

The sampling activities are summarized in Table 1.

B.1.c. Site/Sampling Locations

Locations for sampling are shown on the map below (Figure 2).
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Figure 2: Monitoring well locations.

B.1.d. Sampling Site Contingency

CTV owns the mineral rights, pore space and surface access to the storage project.

B.1.e. Activity Schedule

The sampling activities are summarized in Table 1.

B.1.f. Critical/Informational Data

Documentation of information will include the following:

1. Sampling metadata that includes sample label, purging time and other sample collection
procedures.

2. Data collected in the field (temperature and pH).

3. Chain of custody.
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4. Data and analysis collected in the laboratory.
5. Calibration of Instrumentation and equipment.

B.1.9. Sources of Variability

Potential sources of variability include the following:

1. Natural and operational variability in fluid quality, temperature, and pressure.
2. Reservoir changes from outside the AoR (outside operator, precipitation/drought)
3. Changes in the sampling methods, service provider and instrumentation.

Variability will be minimized by the following:

Adhering to standard operating procedures.

Assessing data and results against baseline and previous results for trend and changes.
Service provider staff training.

Assessing calibration and calibrating procedures.

Quality control checks for samples.

arwdPE

B.2. Sampling Methods
B.2.a/b. Sampling SOPs
Refer to the table below for stabilization criteria during well purging.

Laboratory SOPs have been developed by the service provider.

All procedures for sampling shall be consistent with the U.S. Environmental Protection Agency
(US EPA) Groundwater Sampling Guidelines for Superfund and RCEAA Project Mangers (May 2002).

Table 15. Stabilization Criteria of Water Quality Parameters During Shallow Well Purging.

Field Parameter Stabilization Criteria
pH +/- 0.01

Temperature +/-1C

Specific conductance +/- 3%

B.2.c. In-situ Monitoring

In-situ monitoring of water chemistry is not currently planned.

B.2.d. Continuous Monitoring

Pressure will be collected from monitoring wells.
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B.2.e. Sample Homogenization, Composition, Filtration

To obtain a representative sample, each well will be purged at a flow rate between 10 GPM and 5- GPM.
Samples will be collected within 24 hours of the well being purged. If a monitoring well will not supply
adequate water for sampling, the condition of the well will be investigated and it may be considered for
replacement.

Purging will continue until three successive measurements of the indicator parameters meet the stabilization
criteria per Table 15.

B.2.f. Sample Containers and VVolumes

Sample collection devices will be carefully chosen to minimize the potential for altering the quality of the
sample. Teflon and stainless steel are preferred materials, although PVC, HDPE and other similar materials
are considered sufficient in some cases.

Refer to the tables below as needed for sample container, preservation, and holding time information.

B.2.9. Sample Preservation

Samples will be preserved as per Table 17.

B.2.h. Cleaning/Decontamination of Sampling Equipment

Equipment used for sampling and other activities associated with on-site work will be de-contaminated
before and after performance of a given activity. Disposable items will be disposed of as solid waste in an
approved, permitted client facility.

B.2.i. Support Facilities

Support facilities will be provided by the service provider responsible for sampling and analysis.

B.2.j. Corrective Action, Personnel, and Documentation

The service provider will be responsible for testing instruments and equipment and preforming corrective
action on defective equipment. Corrective action taken on equipment will be documented.

B.3. Sample Handling and Custody
B.3.a. Maximum Hold Time/Time Before Retrieval
See Table 16 and 17 for holding times.

B.3.b. Sample Transportation

CTV will ensure that samples are delivered to the laboratory for analysis by the service provider as soon as
possible following sample collection. Samples will be transported to the laboratory on the same day as the
sample collection.

During transportation, precautions will be implemented to ensure that sample integrity is not affected by
extreme temperatures and/or excessive vibration.

Upon arrival at the service provider the samples will be reviewed to ensure the following:

1. The sample arrived intact without container leakage or breakage.
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2. Chain of custody documentation and sample labels agree
3. Confirmation that the sample was preserved correctly.

B.3.c. Sampling Documentation

For each test in the field, a worksheet will be compiled for each test interval documenting the procedures

and results.

B.3.d. Sample Identification

Samples will be identified with the well location, date sample identification, sampler, and sample type.

Table 16. Summary of Sample Containers, Preservation Treatments, and Holding Times for CO2

Gas Stream Analysis.

Sample

Volume/Container Material

Preservation Technique

Sample Holding time (max)

CO, gas stream

One-liter tedlar bag

None

72 hours

Table 17. Summary of Anticipated Sample Containers, Preservation Treatments, and Holding
Times for Ground Water Samples.

Target Parameters Volume/Container Material | Preservation Technique Sample Holding Time
Cations: 100 mL plastic Nitric acid 180 days
Ca, Fe, Mg, K, Na, Si,

Al, Ba, Mn, As, Cd, Cr,

Cu, Pb, Sb, Se, Zn, Tl

Anions: 100 mL plastic None 48 hours
Br, Cl, F, NOs and SO4

Dissolved CO; 100 ml plastic None 14 days
Isotopes: 100 ml plastic None 14 days
Carbon isotope 13

Alkalinity 100 mL plastic None 14 days

B.3.e. Sample Chain-of-Custody

Sample transport and handling will be strictly controlled by the service provider field technician to reduce
the opportunity for tampered samples. Upon delivery to the laboratory samples will be given unique
laboratory sample numbers and recorded in a logbook indicating the client, well number, date, and time of
delivery.
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B.4. Analytical Methods
B.4.a. Analytical SOPs

All procedures to sample and analyze groundwater will be consistent with the U.S. Environmental
Protection Agency Groundwater Sampling Guidelines for Superfund and RCRA Project Managers (May
2002).

B.4.b. Equipment/Instrumentation Needed

Service providers are expected to provide and utilize the equipment and instruments necessary to perform
the required testing and analysis.

Examples of equipment and instrumentation includes safety equipment, sample jars, decontamination
supplies, pH meter, EC meters, temperature gauges, and materials to document chain of custody, results,
and labels.

B.4.c. Method Performance Criteria

All analytical methods employed by CTV at the Storage project are industry standard and well define.
Method performance criteria is not necessary.

B.4.d. Analytical Failure

Service providers conducting analysis are responsible for assessing and addressing analytical failure per
their internal procedures and standards.

B.4.e. Sample Disposal

Service providers conducting analysis are responsible for proper sample disposal per internal procedures
and standards.

B.4.f. Laboratory Turnaround

Laboratory turnaround times will vary by the analysis being conducted. CTV will communicate to service
providers that a 30-day turnaround time for most analysis’ is expected.

B.4.g. Method Validation for Nonstandard Methods

All analytical methods employed by CTV at the Storage project are industry standard and well defined.
Method performance criteria is not necessary.

B.5. Quality Control
B.5.a. QC activities

Field quality control may involve the collection of two types of QC blanks, trip, and field blanks, to verify
that the sample collection and handling processes have not impaired quality of the final samples.

Trip blank — Trip blanks are prepared for VOC analysis and transported with the empty sample
container.

Field Blank- the field blank will be taken in the field to evaluate if certain sampling or cleaning
procedures result in cross-contamination of site samples or if atmospheric contamination has
occurred.
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B.5.b. Exceeding Control Limits

In the case that control limits are exceeded, CTV will review the sampling procedures and results. In the
case of a valid test, refer to the Emergency Response Plan for water contamination procedures.

B.5.c. Calculating Applicable QC Statistics

Charge Balance - Solutions must be electrically neutral, the total sum of all the positive charges (cations)
must equal the total sum of all negative charges (anions).

Charge Balance: 3 cations = _ anions

Charge balance error (shown below) will be less than £5% for acceptable water analyses.

Y eations — | Y anions|

CBE = x 100

S eations + | Y anions|

B.6. Instrument/Equipment Testing, Inspection, and Maintenance

The service provider will test, inspect, and maintain the instrumentation and equipment used for testing,
this will be completed as per the manufacturer’s guidelines and the standard operating procedures.

B.7. Instrument/Equipment Calibration and Frequency

B.7.a. Calibration and Frequency of Calibration

Pressure and temperature gauges will be calibrated according to the manufacturer's recommendations.
Calibration certificates will be kept on file.

Lab instrumentation and calibration will be checked weekly to ensure that results are within the control
range of parameters.

B.7.b. Calibration Methodology

Instruments will be calibrated for accurate readings. Calibrations will be conducted with individual
instrument SOP’s and in accordance with the manufacturer’s supplied manual for each instrument.

B.7.c. Calibration Resolution and Documentation

Instrument calibration resolution will be consistent with the manufacturer’s recommendations.
Documentation for instrument calibration will be maintained in a database.

B.8. Inspection/Acceptance for Supplies and Consumables
B.8.a/b. Supplies, Consumables, and Responsibilities

The service provider responsible for completing sample collection and analysis will be responsible for
supplies and consumables.

Supplies and consumables used for sample collection and analysis will be selected to minimize the potential
for altering the quality of the sample and analysis results.
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B.9. Nondirect Measurements

B.9.a. Data Sources

Induced seismicity will be monitored continuously to ensure data consistency. CTV will partner with or
use a third party to process the data.

B.9.b. Relevance to Project

Passive seismic monitoring will be used to assess induced seismicity events as an indicator of stress changes
in the subsurface. Thresholds and response for induced seismic eventsare discussed further in the
Emergency Response Plan.

B.9.c. Acceptance Criteria

Industry standard practices will be utilized for data gathering, processing and interpretation.

B.9.d. Resources/Facilities Needed

CTV will use a service provider for all necessary resources and facilities for passive seismic monitoring.

B.9.e. Validity Limits and Operating Conditions

CTV and service provider professionals will ensure that all results and processes are conducted as per
standard industry practices.

B.10. Data Management

B.10.a. Data Management Scheme

CTV will maintain the Storage project data internally. Data will be backed up and held on secure servers.

B.10.b. Recordkeeping and Tracking Practices

All data associated with the project will be held securely and associated meta-data will be gathered and
maintained to ensure tracking purposes.

B.10.c. Data Handling Equipment/Procedures

CTV employs robust data management procedures to ensure security of data gathered from the field and
external data sources.

B.10.d. Responsibility
Project managers will be responsible for ensuring data management is properly maintained.

B.10.e. Data Archival and Retrieval

CTV will hold all data associated with the Storage project. A data store will be developed for reporting and
retrieval.

B.10.f. Hardware and Software Configurations

CTV will ensure that software and hardware are appropriate to integrate the multiple data sources and
maintain large quantities of data.
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B.10.9. Checklists and Forms

CTV will generate forms, checklists, and procedures as necessary to ensure management, security and
quality of all data collected.

C. Assessment and Oversight

C.1. Assessments and Response Actions
C.1.a. Activities to be Conducted

Monitoring results will be obtained as per Table 1. Results will be reviewed for QC criteria as per section
B.5. In the case of data failure, new samples will be collected and analyzed. Evaluation for data consistency
will be performed per the USEPA 2009 Unified Guidance (USEPA, 2009).

C.1.b. Responsibility for Conducting Assessments

CTV will utilize service providers to analyze sample data. These organizations will be responsible for
conducting their own internal assessments.

C.1.c. Assessment Reporting

Assessment information will be reported to the project leads as outlined in A.1.

C.1.d. Corrective Action

Corrective action issues, data collection, and monitoring data will all be handled by CTV.

C.2. Reports to Management
C.2.a/b. QA status Reports

CTV will notify the EPA and project leaders of QA report status if there are changes to the Testing and
Monitoring Plan or the QASP.

D. Data Validation and Usability

D.1. Data Review, Verification, and Validation
D.1.a. Criteria for Accepting, Rejecting, or Qualifying Data

Data validation will include the review of the results, chain of custody information, and review of the blank
and duplicate information. All results will be stored in a database and compared to baseline and previous
results. Data will be graphed to inspect trends and anomalies.

D.2. Verification and Validation Methods

D.2.a. Data Verification and Validation Processes

Data will be verified by CTV upon receipt of results.
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If anomalous data is suspected, CTV and the service provider will review the metadata associated with the
sample to assess whether sampling, collection and the analysis conducted caused spurious results. In
addition, instrument calibration will be reviewed if necessary.

D.2.b. Data Verification and Validation Responsibility

Data will be verified by CTV upon receipt of results.

D.2.c. Issue Resolution Process and Responsibility

CTV will oversee sample handling and assessment process. CTV management will determine actions
necessary to resolve issues.

D.2.d. Checklist, Forms, and Calculations

CTV will develop checklists and a GIS database to store data, complete surveillance and ensure that permit
requirements are met.

D.3. Reconciliation with User Requirements
D.3.a. Evaluation of Data Uncertainty

CTV will develop a GIS database that will be used for surveillance. The database will ensure data quality
using methods consistent with USEPA 2009 Unified Guidance.

D.3.b. Data Limitations Reporting

Service provider management will be responsible for ensuring that analysis in their laboratory is presented
with data use limitations for reporting.

Project leaders and managers will be responsible for ensuring that results are vetted and evaluated to
determine if performance criteria are met.
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RST and RSTPro

Overview

The dual-detector spectrometry system of the throogh-tubing RST* and
RETPro* reservolr saturation tools enables the recording of carbon and
aiypen and Doal-Burst* thermal decay time measurements during the
same trip in the well.

The carbon'oaygen (CA0) ratio is used to determine the formation oil
saturation independent of the formation water salinity. This caleulation
is particularly helpful if the water salinity is low or onknowne If the
salinity of the formation water is high, the Dusal-Burst measarement is
used. A combination of both measurements can be used to detect and
quantify the presence of injection water of a different salinity from that
af the connate water.

Schiumbergep

Calibration

The master calibeation of the RET and RSTPro tools is condueted anno-
ally to eliminate tool-to-tosd variation. The tood is positioned within a
polypropylene sleeve in a horizontally positioned calibeation tank filled
with chlorides-free water.

The sigma, WFL* water flow bog, and FVL* phase velocity log modes of
the ST and RSTPro detectors do not require ealibration. The gamma
ray detector does not require calibration either.

Specifications
Measurement Specifications Mechanical Specifications
RST and RETPro Teals RET-A and R3T-C RST-B and R3T-D
Dinitpst Inelastic and capture yields ol various elements, Tempersture rating 300 degF [150 degCC) JF degF (150 degl]
carbonaxygen ratio, lormalion caplure cross Wiith Mask: 300 degF |24 degiC|
s&ction (sigma), pondsity, borehole holdup, waler  Pregsure rating 15,000 pesi [103 MFa) 15,000 psi [103 BMPa)
welncity, phiase veloaty, Spectnolith® procéssing With flask- 20,000 psi [138 MPa)
Legging speed” :p:mt "':‘:*th “:TIT' myh Borehole size—min. 1% in 450 cm)] Thin [7.30 em]
nalsan il ‘Wiith Nasgk- 3% in [5.72 ¢
Capture mode: 600 iyh (183 mh] , . n (572 el .
formeation and ealinity dependent) Borehode sire—max. m"f:ﬁ?fpl - % in [24 45 em]
RST sigma mode: 1,800 fh [543 myh] : ek 65 in LG emf :
RSTPra sigma made: 2500 fyh (850 myk Outside deasnear 170 in [434 em] . 251 in [6.37 em]
Range of measurement  Forosity. 0 to 60 WY With flask- 2875 in [7.30 cm]
Vertical resolution 15 in [38.10 cm] Length ﬂnﬂlﬂrﬂ;ﬂ-ﬂﬁﬂ“uﬁﬂﬂ 22k 676 m]
Decurac Based on hydrogen index of barmatia
— —— b ~ Weght 101 1o [46 kgl 208 [bim [34 kgl
Diepih of investsgation Sigma made: 10 ba 16 in [205 ta 406 om| With lagk- 23 b [110 kg
I';':;ﬂ":l;_;“;::]* (i mock:A 0l Tension 10,000 15 14,450 N] 0,000 164 [44,450 |
T = With flask- 25,000 I [111,250 K]
A e or wieight Comprestion 1,000 It [4.450 N] 1,000 1ot [3,450 ]
Wiith Nagk- 1 Ihl |8,000
Combanability RST ok Combinabie wath the PL Ragshp® L N
syetem and CPLT* combinable production
kagging teal
RSTPra tool: Combinable with 1oals that use
the PS Flatarm® telemelry system and Platlarm
Basic Measurement Sonde (PEME]
S Toal Sume sqpicilon by e on kg e
Dl o wrv B pahin o Faial i ad armariiiast] dipuiila
Lag Quelty Control Reference Manual | RST and RSTPro Reservoir Saturation Tools 2
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Tool quality control
Standard curves

The RST and ESTPro standard corves are lisbed in Table 1.

Table 1. RST and R5TPro Standard Curves

Dutput Moemomic Output Name

BADL_DIAG Bad lewel diagnostic

CCRA RAET nearTar inslantanssus count rabe
COR Carbon/ooygen raka

CRRA PMearTar count rabe ratia

CRRR Count rate regulation ratia

DSIG RET sigma diflerence

FBAC Mudtichannel Sealer (MCS) lar background
FBEF Far beam aflectine curent

FCOR Fﬂrtﬂrhﬂr"ﬂqr.-n ratia

FEGF Far captung g!i‘l correchon lachos
FEQF Far capbung allset eamection laclor
FERD Far Caphung el ulan daymhﬁun lactar [RDFI
FIGF Far melastic Eﬂil'l CodTECingm

FIDF Far melastic olfset correclion Fechor
FIRD Far melastic ROF

I Inedastic capture

IRAT_FIL RST nearTad inslastic ratas

E Mear beam effectae curment

HCOR Mear carbon'acygen ratio

NEGF Mear Caplurg gﬂil‘l correcin lac b
NEOF Mear Caplung allset comection Laclor
NERD Mear capture ROF

NIGF Mear inelaglic gain coarection

NIOF Mear inelastic alfsel correction Facher
NIRD Mear inelastic RDF

RSCF_RET RST sedected Bar count rate
RSCN_RET RET sadacted mear oount rabe

SEMA Sigma berehole near apparsm
ﬂFIL Sigma lormatsan lar apparent
SFMA_FIL Sigma lormalson near appanent
SIGM Farmation !igﬁ'lt

SIGM_SIE Famnation sigma I.I'Htﬂl'l.ﬂil'll','
EFL RET nearTar caplure ratic

Operation

The BET and RETPro tools shauld be mn eceentersd. The main inelas-
tie capture characterization database does not suppoert a centered tool,
thus i is important to ensure that the tood is run eccentersd. However,
fur a WFL water flow log, a centered tool is recommended to better
evaluate the entire wellbore region.

Formats
The format in Fig. 1 & used mainky as a hardware quality contral.

= Depth track

— Deflection of the BADL_DIAG curve by 1 unit indicates that
frame data are being repeated (resulting from fast logging speed
or stalled data). A deflection by 2 units indicates bad spectral
data (too-low count rate]).

Track |

- CRRA, CRRR, NBEF, and FBEF are shown; FEEF should track
openhode porosity when properly scaled.

Track &

— The IC mode gain correction factors measare the distoriion of
the energy inelastic and elastic spectrum in the near and far
detectors relative to laboratory standards. They should read
hetween 098 and 1.02.

Track 7

— The IC mode offset correction factors are described in terms
of gain, offset, and resolution degradation of the inelastic and
elastic spectrum in the near and far detectors. They should read
hedween —2 and 2.

Track 8

— Diistortion on these curves affects inelastic and capture specira
from the near and far detectors. They shiould be between 0 and 15
Amything abawve 15 indicates a tool problem or & tool that is too hot
[ahove 302 degF | 150 degC| ), which affects yield processing.

Lo Duality Control Refersnce Manisal

RET and RSTPro Reservolr Saturation Teols ]
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Frgure {. A5T and RETProe hardware format.
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RST and RSTPro Reservoir Saturation Teols
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The format in Fig. 2 is used mainly for sigma quality control

» Depth track

— Deflection of the BADL_DIAG curve by | unit indicates that

frame data are being repeated (resuliing from fast bopging speed
ar stalled data). A deflection by 2 units indicates bad spectral

data {foo-low count rate).
» Tracks 2 and 3

— The IRAT_FIL inelastic ratio increases in gas and decreases

with porosity.

— DEIG In a characterized completion should equeal approximately
zero, Departures from zero indicate either the environmental
parameters are set incorrectly or environment is different from
the characterization database (eg., casing is not fully centered
in the wellbore or the tool is not eccentered). Shales typically
read | to 4 units from the baseline of zero because they are not
characterized in the database.

T I

RAST Segara wnc [RRGE_S6G]
A oy [

RET Fa Efectivn Capaans CA [ESCF.

“-rn‘!ﬂmuu_ﬂ[ﬂ ______ [ ——

Sagma mn;‘"_“" ] P TRk b | w A F
—— —l'# —— — ks (1211
| emmammgen ... BT imtmic Bsa JRAT P iy e
a (L) i [ ——1 "Hl“ =3 e |
LT L sl
RAT, Caferwacs
opgemsmeermsmeesmscaces BT !E.l...lmi-...ﬂ'!!l .......................... ™|

g [y

= ]

Figure # 85T and RETPro sigma standard

format

Log Duslity Control Reference Manual

RST and RSTPro Reservodr Saturation Tools
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Response in known conditions

In fromt of a clean water zone, COR 5 smaller than the valwe logged
acroas an oil 2ene. i in the borehole affects both the near and far
COR, causing them o read higher than in a water-filled borehode. In
fromt of shale, high COR is associated with crganic content.

The computed vields indicate contributions from the materials being
mesasured (Table 2).

Tahle  Contributing Materials 1o RST and BSTPre Yields

Element Contributing Material
Cand 0 Mistris, biorihode fhuid, formation fusd

5i Sandstone matiix, shale, cement behind casing
Ca Carbonstes, cement

Fe Casing, tool housing

Bad cement quality affects readings (Table 3). A water-filled gap in
the cement behind the casing appears as water to the IC measure-
ment. Corversely, an oil-filled gap behind the casing appears as odl to
the IC measurement.

Table 3. RST and RETPre Caplwre and Sigma Modes

Medium Sigma, cu
oil 18 o 2
Gas Oin 12
Water, Iresh o 22
Water, Saline 2w 1H
Mlatrix B 12
Shale o 55

Log Quality Control Refersnce Manisal ] ST and RS TPro Reservolr Saturation Teols
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Cement Bond Tool

Overview

The cement bond log (CBL) made with the Cement Bond Tool {CET)
provides continuous measurement of the attenuation of sound pulses,
independent of casing floid and trarsducer sensitivity. The tool is self-
calibrating and less sensitive to eccentering amd sonde tilt than the
traditional single-spacing CBL toals. The CBT additionally gives the
attenuation of sound pulses from a receiver spaced 08 ft [0.24 m] from
the transmitter, which is used to aid interpretation in fast formations.

A CBL curve computed from the three attenuations available enables
comparison with CELs based on the typical 3-ft [0.81-m] spacing.
This computed CEL continuously discriminates hetween the three
attenuations to choose the one best suited to the well conditions.
An interval transit-time curve for the casing is also recorded for
imterpretation and quality contral.

A Variable Density* log (VDL) is recorded simoltanecusly from a
receiver spaced 5 ft [1.52 m) from the transmitter. This display

Schiumberger

Calibration

Somnde normalization of sonie cement hond tooks s performed with
every (J-check. Q-check frequency is alsy dependent on the number of
jobs run, exposure to high temperature, and other factors.

The sonie checkout setup used for calibration is supported with two
stands, one on each end. A stand in the center of the tobe would distort
the waveform and cause errors. Omne end of the tube is elevated fo assist
in removing all air in the system, and the tool is positioned in the tube
with centralizer rings.

Tool guality control

Standard curves
CEBT standard curves are listed in Table 1.

Table 1. CBT Standard Curves

provides information on the cement/formation bond and other factors  Ditpiit Moemonic Output Name
that are important to the interpretation of cement quality. CCL Casing callar |ocator amplitude
DATH Digcriminabed BHT atténuaton
Specifications DE Diseriminated hond mdex
DCEL Discriminabed symthets: CEL
Measuremenl Specifications oT Interval trandgil Gme of caging (daha-)
Diutpust Altenuation measurement, CEL, OTMO Delta-1 miud (mud Shnemess)
VDL image, ransi limes GR Gamma ray
Logging speed 1,800 fi'h 548 ok NATN Near 24-t anensabon
Rarge ol measwrement Farmation and casing dependent MBI Mear band indsx
Vertical resolution CEL: 31t [0.91 m] NCEL Mear synthetic CBL
E‘;fﬂ:‘ﬁﬂ Y RIZR Retia of recesver 3 senstivity
: Lo receiver 2 sensilwity, 4B
Atcuracy Famnation and caging dependent TATh T ———
Deph of messguon e Sarbos e’
M type or wsight Butations Hane SCBL Shan !"Tﬂ'ltht CBL
* Sidaia i B 1ot g o Bla gasaliy m 2::11':;15?_“;?! 1 lupper transmitier,
T2 Transil time bor mode 2 (UT-RE)
Measurement Specilicstions T3 Transit time Por mode 3 {lower ransmittes,
Temperature rating 350 degF [177 degll receiver 2 [LT-RZ]I
Pressure ratling 20,000 psi | 138 MPa| T Transil time bar mode 4 |LT-A3)
Borehole site—amn 3375 in [B6Tcm]| TTE Transit time far mode B (UT-R1)
Borehole site—max. 13,375 in [31.97 em)] ULTR Ratio of wpper transmitles oulput sbréngth ba
Dutside diameler 275 in [6.985 em| the: loveser bransamibler outpul strength
Weight 309 Ibm [140 kg VoL Wariable Densty log

T i il [l iy
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Dperation

Thez toal shoubd be run centralized.

A log should be made in a free-pipe zone (if available). Where a micro-
annules & suspected, a repeat section shoukd be made with pressure
applied to the casing.

Formats
The format in Fig 1 is used both as an acquisition and quality
control format.

= Track |

DT and DTMI are derived from the transit-time measurements
from all transmitter-receiver pairs. They respond o eccentraliza-
tinn of amy of the six measurements modes and are a sensitive
indicator of wellbore conditions. In a lew-quality cement bond o
free pipe, both readings are correct. In well-bonded sectiors, the
transit time may cyele skip, affecting the DT and DTMD valoes.
CCL deflects in front of casing collars.

GR is usedd for correlation purposes.

Track 2
— DOCEBL is related to casing size, casing weight, and muwd. As a

quality contral DCBL should be checked against the expected
respanses in kmown conditions {see the following section). Also,
[ EL should match the VIIL image readings.

Track 3
— VDL & a map of the waveform amplitude versus depth and

it shoukd have good comtrast. It provides information on the
cementformation bond, which is important for cement guality
interpretation. The YIL image should be cross checked that it
matches the DUEL readings. For example, in a free-pipe section,
the DCBL amplitude reads high and VDL shows strong casing
arrivals with no formation arrivals. In a zone of good bond for
the casing to the formation, the CBL amplitude reads bow and
the VDL has weak casing arrivals and clear formation arrivals.

FIF BUMMARY
Tirrea Mari 60 &
Casing Collar Locaber [BEL) |
15 —- 1|
|pocsa {LEF) |
Daamina Rlay (SR}
[: QAP 15
|~ PaecT Compratonal BT} _ _
UBF) [H]|
o DaliaT Med OTMDy
50 {UgiF) IR
L]
: 4
e 4
H—+1—¢
2l i

Figure I. CET standard format for CBL amd VL
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The format in Fig. 2 is ako used both as an acquisition and quality e Track3

control format. — DATN should equal NATN in free-pipe sections. In the presence
o Trackl of cement behind casing and in normal conditions, NATN reads
— The transit time pairs should overlay (TTIC overlays TT3C, Mgt O DATI.
and TT2C overlays TTYC) because these pairs are derived © Trackd
from equivalent transmitter-receiver spacings In very good — VDL is a map of the waveform amplitude versus depth that
cement sections, the transit-time curve may be affected by cycle should have good contrast. It provides information on the
skipping. DT and DTMD may be also affected. cement/formation bond, which is important for cement quality
® Track?2 interpretation. The VDL image should be cross checked that it
matches the DCBL readings.

~ The ULTR and R32R ratios are quality indicators of the trans-
mitter or receiver strengths. They should be 0 dB + 3 dB, unless
ane of the transmitters or receivers is weak. Both curves should

be checked for consistency and stability.
PIP SUMMARY
Mask Evary 60 8
Casing Collar Locator (CCL)
=N s | 1
............ Tession [TENS) ...
|2000 (LEF) °
Qurmma Ray +OR)
0 1GAPYH 150
......... Teansit Tima 4 (TT4C) ........
420 ) 200
Trasait Tisa 3 (TT3C)
220 1Us) 200
| TreaitTeme2 (I72C) _ _ _ |
400 (us)
| TraeaitTieme 1 (TTHC) |
200
Upper-Low
-
_ Deha-T Compressional (DY) _ _ _| TRAMINSr | puuy pysudo-Amenuation (NATN). _ |
=) wsF) ] (0aF) 0
(ULTR)
. [0an)
-3 3
R2 1o R3
Sensativity Mo Ampitode Max
.......... Delta-TMud (OTMD) | Ratio Diseriminated Attenuston DATN) | CE I ERERI—_—
150 50| maomy (B VDL VariableDensity (VDL)
..[08%), . (us) 1200
-3 3
D | 7 = Y o
- H
4 i |
J'y Hd ,_s."'
U
K \: Al
E K] 4
J L I #
¥ /¢ {
Figure 2 Additonai CBT standard format for CBL and VDL
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Response in known conditions

= DT in casing should read the value for steel (57 vaft = 2 wift

[187 us/m = 6.5 usm]).

= OTMD should be compared with known velocities (water-hase
mmd: 130200 uaft [M0-656 ws'm], cil-base muod: 210-280 wsfi

[639-9189 us/m]).

s Typical responses for different casing sizes and weights are lsted

in Table 2.

Tahble X Typical CET Response inm Known Conditions

Casing Sire, in Casing Weight,  DCBLin T, = T2 us TS, us
BB Free Fipe, mV

45 115 Bl =8 = 195 14

g 13 7 =1 3 12

55 17 Tl =7 ] ZI0 120

] T Bl =6 =0 3 140
BEZS 18 G 3 757 166
1E35 a e 129 il W

T Aty 1ha CHT ofsiiaakicd i oy B 1338 casiig, Tt VI jraciiilalons mumily s Bl areath whisd Eatiap of 968 i ail ke’ anils oot

I = el resaa gl
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Cement Bond Logging

Overview

Cement bond tocls measure the bond between the casing and the
cement placed in the annulus between the casing and the wellbore.
The measurement is made by using acoustic sonk and ultrasonic tools.
In the case of sonic tools, the measurement is usually displayed on a
cement bond log (CBL) in millivolt units, decibel attenuation, or both.
Reduction of the reading in millivolts or increase of the decibel attenu-
ation is an indication of better-quality bonding of the cement behind
the casing to the casing wall. Factors that affect the quality of the
cement bonding are

¢ cement job design and execution as well as effective mud removal
* compressive strength of the cement in place

¢ temperature and pressure changes applied to the casing after cementing
¢ epoxy resin applied to the outer wall of the casing.

Schiumberger

The recorded CBL provides a continuous measurement of the ampli-
tude of sound pulses produced by a transmitter-receiver pair spaced
3t [0.91-m] apart. This amplitude is at a maximum in uncemented
free pipe and minimized in well-cemented casing A transit-time (TT)
curve of the waveform first arvival is also recorded for interpretation
and quality control.

A Variable Density* log (VDL) is recorded simultaneously from a
receiver spaced 5 ft [L52 m] from the transmitter. The VDL display
provides information on the cement quality and cement,/formation bond.

Specifications
Measurement Specifications
Digital Semic Logging Tool (DSLT) and Hostile Slim Array Sonic Tool (SSLT) and
Environment Sonic Logging Tool (HSLT) SlimXtreme* Sonic Logging Tool (QSLT)
with Borehole-Compensated (BHC)
Output SLS-C, SLS-D, SLS-W, and SLS-E7 3-1[0.31-m| CBL and attenuation
31t [0.91-m] CBL 1-f [0.30-m| attenuation
Variable Densty wavelorms 5-1 [1.52-m] Varisble Density wavelorms
Loaging speed 3,500 fuh {1,087 mvh] 3600 fuh {1,097 v
Range of messurement 40 10 200 s/t [131 to 656 us/m) 40 to 400 us/Mt (131 1o 1,312 us/m)
Vertical resolution Ampitode (mV): 31t [0.91 m] Near sttenuation: | ft 1030 m]
VDL SR {152 m] Amplitude {(mV): 3 1 [0.91 m)
VOL 5t [1.52 m]
Depth of investigation Synthetic CBL from discriminsted attenuation DCBL Casing and cement merface
(DCBLE Casang and cement interface VDL: Depends on cement bonding
VDL Depends on cement bonding and formstion properses
and formation properties
Mud type or weight imitstions None Nane
Specisl apphcations Conveyed on wireline, drlipipe,
of coiled tubing
Logging through drilipipe and tubing,

in smal casings, fast lormations

"The DGLT e B Sooe Logping Seadd (515) 1 exics sk et 30ad anghtude snd VIL aaksten
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Mechanical Specihcations

DELT HELT SELT DELT
Tesmperalure rating 300 degF [150 deglC| 500 degF [0 degl] 302 degF [150 degl] 500 degF [260 degC]
Pressure rating 20,000 pesi [ 138 MPa] 25,000 psi [172 MFa) 14,000 psi 37 MFa| 30,000 pi [207 MPa
Casging |0—amin. 5 i [12.70 &l 5 in [1270 &m| 3% in [BBY el 4in [10.16 em]
Casing I0—max. 18 in [45.72 eml] 18 i [45.72 em) & in [M132 em] & in [.3% em|]
Dutsade diametes Frhin [0 em] ¥ in [9.53 el ¥ in J6.35 el Tin [7.62 em|
Length SLS-Cand SL5-0: 18.7 # [5.71 m] Wiith HELS-W sondiec 230 B [7.04 m] 1 [7.01 m|
515-E and SLE-W: H1E Bt [6.23 m] 2551t [7.77 m| With inline cesirakzers: With inline centralirers:
HE M (902 m] 2991 [9.11 m
Witeight ELS-C and SL5-D: 273 B [124 kgl Wiith HELS-W sondie: 232 e 105 kgl 295 Iben [134 kgl
SL5-E and SLS-W- T3 lan 142 kgl 3400 |bms [198 kg With inline cerralieers: With inline centralizers:
300 e (136 kgl 407 It [1ES kgl
Tension 29,700 160 132,110 Kl 29,700 164 132,110 K] 13,000 [k (57,530 N] 13,000 (LI [57,530 Nl
Compressan SLE-C and SLS-D: WWith HELS-AW sonde: 4,400 |1l (19,570 K] 4,400 1uf 12,570 K]
1,700 I [7 560 M) 2870 B 12,770 W]
SL3-E and SLE-W-
2570 I (12770 M)
Calibration Operation

Somde normalization of sonic cement bond tools is performed with
every Q-check. Beheduled frequency of @-checks varies for each tool.
Q-check frequency is also dependent on the number of jobs rum,
expasure to high temperature, and other factors.

The sonic checkout setup used for calibration is supported with two
stands, one on each end. A stand in the center of the tube would distort
the waveform and canse errors. (ne end of the tube is elevated to assist
in removing all air in the system, and the tool is positioned in the tube
with centralizer rings.

Tool quality control
Standard curves
CBL standard curves are listed in Tabde 1.

Table 1. CBL Standard Curves

Dulput Mremonic Output Name

Bl Bord index

CaL Cament band log (fed gate]

CELF Flusd-compansated cement band kg
£asL Cement band log (sliding gate)

oL Casing collar hsg

GR Gamma ray

m Transit time (fed gate)

TTSL Transit time [liding gate)

VIL Varable Dansity Iog

The tool must be man centralmad.

A log should be made in a free-pipe zone (if available ). Where a micro-
annulus is suspected, a repeat section should be made with pressure
applied to the casing.

Formats
The formeat in Fig. 1 & used for both acquisition and quality control.

* Track |

— TT and TTSL should be constant throwgh the log imberval
and shonkd overlay. These curves deflect near casing col-
lars. In sections of very good cement, the signal amplitude &=
low; detection may be affected by cycle skipping. GR & wsed for
correlation purposes, and CCL serves as a reference for future
cased hole correlations..

* Track?2

— CBL measured in millivedts from the fived gate shounld be equal
to CBSL measured from the sliding gate, pxcept in cases of cycle
skipping or detection on noise.

= Track3d

— VDL is a presentation of the acowstic waveform at a receiver of
a sonic measurement. The amplitude is presented in shades of a
gray scale. The VDN should show good contrast. In free pipe, it
should be straight lines with chevron patterns at the casing col-
lars. In a good bond, it should be gray (low amplitodes) or show
strong formation signaks (wavy lines).

Log Duality Control Reference Manual J Cement Bomd Logging
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[l Tierie Mark Every 50 5

b Casing Collars

PP BUEMARY

Caiing Collar Locates (G

=l ] i
| Transi Time (Slifing Qute] (TTSL |
T gy b
[ ToeabTims(TT) | CBL Ampliuds [Bliding Gate) [EBSL) |
thilil (=) 20nd i | W) L]
Tansben
Gassrma Fury [OF) (TEME) G B
|G &P i 5 .-‘.-LFJ |} L]
o Lilili]

EVAVYA

I >

Ty

Frgure 1. DSLT standard format.

Response in known conditions

The responses in Table 2 are for clean, free casing.

Table 2 Typical CBL Response in Kntown Conditions

Casing 00, in Weight, [bm/h

Mominal Cazing 1D, in

CBL Amplitsde Response

iin Free Pipe, my
5 13 145 T1+8
55 17 182 T7
7 = £ 366 Bl:h
BAES 36 7575 55+ f
[T [T BEA] 51+
1075 5l BE50 49+ 5
13375 Bl 12515 434
1862 5 17.755 =4
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